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Purpose: Nonresective treatment ofthe infrarenal bdominal ortic aneurysm by proximal 
and distal igation of the aneurysm sac (exclusion) combined with aortic bypass has been 
previously reported, A 10-year experience with 831 patients undergoing this procedure 
was reviewed. 
Methods: From 1984 to 1994, 831 ( 761 elective, 70 urgent) of 1103 patients being treated 
for abdominal aortic aneurysm underwent repair with the retroperitoneal exclusion 
technique. Perioperative morbidity and mortality, estimated blood loss, transfusion 
requirements, natural history of the excluded aneurysm sac, and long-term survival were 
all assessed. 
Results: The operative mortality rate for patients undergoing exclusion and bypass was 
3.4%. The incidence of nonfatal perioperative complications was 5.2%. Colon ischemia 
requiring resection occurred in 2 (0.2%) of the 831 patients. Estimated blood loss was 
638 + 557 cc (50 to 330 cc). On follow-up 17 (2%) patients were found to have patent 
aneurysm sacs as detected by duplex examination. Fourteen patients required surgical 
intervention. No cases of graft infection or aortoenteric f stula have been noted. 
Conclusion: Retroperitoneal xclusion and bypass i  a viable alternative to traditional open 
endoaneurysmorraphy in surgery for abdominal ortic aneurysm. Most excluded aneurysm 
sacs have thrombosis without any long- or short-term complications; however, in a small 
number of patients delayed rupture of patent aneurysm occurs, thus emphasizing the need 
for diligent follow-up and appropriate intervention. (J Vase Surg 1996;24:851-5.) 
Transabdominal repair of abdominal ortic aneu- 
rysm (AAA) with endoaneurysmorraphy with inlying 
graft as described by Creech 1represents he standard 
to which all other modes of contemporary aneurysm 
repair are compared. Critics of this technique cite the 
association of it with prolonged ileus, postoperative 
respiratory dysfunction, and increased third-space 
fluid losses. 2-3 Proponents of the retroperitoneal ap- 
proach to the abdominal aorta believe that this 
procedure offers ignificant advantages over the trans- 
abdominal route in that it provides for better aortic 
exposure, fewer cardiopulmonary complications, and 
earlier return to diet. 4-6 The modification to the 
retroperitoneal approach of proximal and distal iga- 
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tion of the aneurysm (exclusion) coupled with aortic 
bypass has been previously reported. 7,s Potential 
benefits include minimization of blood loss, blood 
transfusion requirement, and operative dissection. 
Concern exists, however, over the fate of the aneu- 
rysm sac that does not have thrombosis (i.e., rupture, 
infection) and the potential for clinically significant 
postoperative colonic ischemia, because the inferior 
mesenteric artery is neither evaluated nor reim- 
planted. We report a lO-year experience with this 
technique and assess the natural history of the ex- 
cluded aortic aneurysm sac. 
MATERIAL AND METHODS 
All abdominal ortic aneurysm repairs performed 
between 1984 and 1994 at the Albany Medical 
Center and the Samuel S. Stratton V.A. Medical 
Center were reviewed. Vascular registry data and 
inpatient hospital charts and outpatient office charts 
were reviewed for demographics, operative indica- 
tions, procedures performed, estimated blood loss, 
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transfusion requirements, complications, length of 
hospital stay, and follow-up of aneurysm size and 
patency. 
Over the 10 year period 831 (761 elective, 70 
urgent) of 1103 patients with infrarenal AAAs under- 
went surgery with exclusion of the aneurysm and 
bypass by a retroperitoneal pproach. A left-sided 
approach was used in the great majority of patients 
(795, 96%). Right- flank approaches were used in cases 
of previous left retroperitoneal surgery and previous 
vascular econstruction and when access to right- 
sided intraperitoneal nd retroperitoneal structures 
was required. Urgent repairs were undertaken in 
patients with symptomatic aneurysms as defined by 
abdominal pain, any period ofhypotension, or aneu- 
rysm tenderness. Ruptured aneurysms discovered 
during surgery were excluded from the study. The 
procedure was used for all elective or urgent aneurysm 
repairs with the exception of short or saccular aneu- 
rysms, for which open endoaneurysmorraphy was
performed. Six hundred fifty-eight men and 173 
women with an average age of 70 years (range 42 to 
92 years) were treated. Six hundred eighty-one bifur- 
cated and 150 tube grafts were placed. 
Operative preparation. All patients were studied 
before surgery with computed tomography scans and 
arteriography. Aneurysm diameter anged between 
3.5 cm and 8.5 cm (mean 5.52 cm). When possible 
patients with a hematocrit greater than 35% donated 
autologous blood before surgery. 9 Patients were 
monitored with peripheral arterial and Swan-Ganz 
catheters. 
Surgical technique. After general endotracheal 
anesthesia was induced, patients were positioned in a 
modified right lateral decubitus position. With the aid 
of a suction bean bag patients were positioned with 
the left chest elevated between 45 and 60 degrees and 
the pelvis rotated 20 to 30 degrees relative to the 
plane of the table. The table break was positioned at 
the level of the iliac crest. A kidney rest was not 
required. 1° 
In most cases the skin incision originated at the 
lateral edge of the rectus abdominis muscle 5 cm 
below the umbilicus and extended obliquely through 
the tenth or eleventh intercostal space (depending on 
the proximal extent of the aneurysm) to or beyond the 
posterior axillary line. After the musculature was 
divided, the peritoneum and left kidney were swept 
medially and cephalad. Self-retaining retractors aided 
in exposure. For the right retroperitoneal pproach 
the right chest was elevated to only 45 degrees, and 
the skin incision was carried from the tip of the twelfth 
rib obliquely to the lateral edge of the rectus abdo- 
minis 3 to 5 cm inferior to the umbilicus. The aorta 
was then approached by developing the plan between 
Gerota's fascia and the peritoneum. 1~
After heparin (30 U/kg)  was administered, the 
iliac arteries were controlled to minimize distal em- 
bolization. The neck of the aneurysm was then 
identified after overlying tissue was taken down and 
the lumbar branch of the left renal vein was divided. 
For the routine infrarenal aneurysm the proximal 
aortic cross clamp was placed just distal to the renal 
arteries, and a second clamp was secured istal to the 
former. After aortic transection was done between the 
two clamps, the aneurysm sac was oversewn with a 
double layer of continuous 3-0 polypropylene suture. 
Caudal retraction of the aneurysm sac provided ex- 
posure to perform the proximal aorta-graft anasto- 
mosis. This procedure was done in an end-to-end 
fashion with a continuous 3-0 48-inch monofilament 
suture by the use of a parachute t chnique. Juxtarenal 
aneurysms necessitated placement of the proximal 
aortic clamp above the renal arteries with a distal 
clamp spanning the aneurysm origin below the arter- 
ies. Aortic transection just above the distal clamp 
created an infrarenal stump into which the graft could 
be sewn just below the renal artery orifices. 
For tube grafts the distal aorta beyond the aneu- 
rysm was clamped and divided below the clamp and 
was doubly oversewn to complete the exclusion. The 
distal graft-aorta anastomosis was performed end-to- 
end with a continuous monofilament suture. Anasto- 
mosis of the bifurcation grafts to the appropriate iliac 
or femoral arteries was performed inan end-to-end or 
end-to-side manner after the vessels were exposed 
with the appropriate xposure. The contralateral 
groin or preperitoneal space was exposed by a counter 
incision when anastomosis of the contralateral graft 
limb was performed istal to the common iliac artery. 
When end-to-side anastomosis was used, the aneu- 
rysm sac was excluded by ligation of the common iliac 
artery proximal to anastomosis, allowing retrograde 
hypogastric flow depending on involvement of the 
iliac arteries. Direct retrograde flow into the aneu- 
rysm sac was prevented. 
After flow was restored to the lower extremities, 
the excluded aortic sac was evaluated by Doppler 
insonation, and a catheter was inserted for pressure 
measurement to ensure that no pulsatile flow existed. 
If pulsatile flow was present, the lumbars, median 
sacral, and inferior mesenteric artery were exposed 
and ligated. 
Duplex examinations of the graft and aneurysm 
sac were obtained at 3 months, 6 months, and yearly 
thereafter to evaluate the excluded sac for arterial 
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Table I. Causes ofperioperative d ath 
Cardiac 12 
ARDS 6 
Stroke 4 
Bleeding 3 
Colonic ischemia 1 
Renal failure 2 
ARDS, Adult respiratory distress yndrome. 
Table II. Nonfatal complications 
Cardiac 32 
Renal 15 
ARDS 21 
Stroke 7 
Bleeding 14 
Wound infection 3 
Colonic ischemia 
ARDS, Adult respiratory distress yndrome. 
flow, wall motion, thrombosis, or decrease in size of 
the sac. Patients with persistent flow or wall motion in 
the excluded aortic sac or whose aneurysm sac did not 
shrink in size were further investigated by contrast 
computed tomography, angiography, or both. Pa- 
tients with expanding sacs or abdominal or back pain 
at any time underwent reoperation. 
RESULTS 
The 30-day operative mortality rate was 3.4%. The 
mortality rate of elective procedures was 2.4%, and 
that of urgent procedures was 14.3%. Myocardial 
infarction accounted for 48% of the deaths. Other 
causes of death are listed in Table I. One patient died 
of a proximal anastomotic suture line disruption 
caused by a defective suture. 
Nonfatal complications in the early postoperative 
period occurred in 11% of the cases (Table II). 
Estimated blood loss was 638 cc + 557 cc. Blood 
transfusions were required in 35% of patients. In 12 
patients it was necessary to open the sac during 
surgery and secure collateral vessels. In five other 
patients pulsatile flow was stopped by ligation of 
lumbar or inferior mesenteric arteries from outside. 
The average hospital stay was 6.4 days in uncompli- 
cated cases. Colon ischemia requiring colon resection 
occurred in two (0.2%) patients. 
Late complications included graft hrombosis n 7 
(<1%) patients. Seventeen (2%) aneurysm sacs re- 
mained patent after surgery (5 to 103 months). Of 
those, 14 required surgical treatment, 4 for sac 
rupture and 3 for abdominal or back pain. Three of 
the four sac ruptures had been lost to follow-up before 
presentation. The sources of persistent flow in the 14 
reoperations are listed in Table III. Of the 14 patients 
requiting reoperations, one patient died of cardiac 
failure 1 week after surgery. Five of the 14 were 
receiving systemic anticoagulation before surgery and 
continued to receive it after surgery for cardiac (three) 
and venous thrombotic (two) causes. 
Analysis of the patients whose sacs ruptured re- 
vealed one of the following: no shrinkage of the 
excluded aortic sac, positive wall motion with cardiac 
cycle, or flow within the sac by duplex examination. 
No late graft or sac infections 'were noted. 
Life table analysis revealed a cumulative 5-year 
survival rate of 83%. Follow-up was complete in 764 
(92%) of patients. 
DISCUSSION 
The transabdominal repair of AAAs with the 
method ofCreech a still remains the standard to which 
other techniques of aneurysm repair are compared. 
Proponents of this approach cite excellent morbidity 
and mortality rates in their experiences. ~2,13 Critics of 
the transabdominal endoaneurysmorraphy repair, 
however, voice concern over the physiologic stress of 
the procedure. 2'3 Thus many surgeons have adopted 
the retropcritoneal approach especially for patients at 
high risk, believing it to be better tolerated and less 
physiologically stressful to the patient. Several retro- 
spective and prospective randomized studies compar- 
ing the retroperitoneal nd transabdominal ortic 
exposures have supported the premise that the retro- 
peritoneal approach is associated with fewer postop- 
erative complications than the transperitoneal expo- 
sure for AAA. 4-6 In addition, the retroperitoneal 
exposure facilitates access for the repair ofjuxtarenal, 
pararenal, or suprarenal AAA without the need for 
thoracotomy. 
The concept hat the retroperitoneal exclusion 
and bypass procedure for AAA is less physiologically 
stressful on the patient than the standard retroperito- 
neal approach centers on the observations that less 
blood is lost, operative dissection is minimized, and 
the postoperative course is smoother with a shorter 
length of stay. 2-6 Of note, cell saver is not required, 
blood transfusions are needed in only 35% of patients, 
and those given are usually autologously donated 
units. The complication, mortality, and patency rates 
reported in this study certainly demonstrate the 
procedure to be a safe and durable one. Whether 
exclusion and bypass is better tolerated than standard 
retroperitoneal repair equires arandomized prospec- 
tive study. 
Concern over the fate of the patent postoperative 
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Table II I . Sources of persistent flow in patent aneurysm sacs 
Patient no. Or~inal procedure Time to reoperation (mo) Source of persistent flow 
1 Tube graft 6 IMA/Lumbar 
2 Aor tobiiliac 54 Lumbar 
3 Aortobiiliac 30 Hypogastric 
4 Aortobiiliac 58 Hypogastric 
5 Aortobiiliac 78 Common and external iliac 
6 Aortobifemoral 78 Hypogastric 
7 Tube graft 23 Lumbar 
8 Aortobiiliac 39 Common iliac 
9 Aortobiiliac 41 Common iliac 
10 Aortobiiliac 45 [MA/Lumbar 
11 Aortobiiliac 8 IMA 
12 Aortobiiliac 47 IMA 
13 ~ Aortobifemoral 5 Hypogastric 
14 Aortobiiliac 103 Unknown 
IMA, Inferior mesenteric artery. 
aneurysm sac is a valid one. In our series seven sacs 
ruptured (overall incidence 0.8%). Of  note, however, 
three (43%) of seven had been lost to follow-up before 
presentation. Fortunately, only one mortality 
occurred; this was the result of myocardial infarction 
in a patient with multiple medical problems. Despite 
there being one mortality, aggressive intraoperative 
efforts are undertaken with Doppler and intraluminal 
pressure measurement to identify those sacs at risk for 
postoperative patency. Such situations occurred in 12 
patients. These are dealt with at the time of  surgery by 
ligation of collaterals. A routine ligation of the lum- 
bars, middle sacral, and inferior mesenteric artery 
cannot be advocated because of our belief that mini- 
mal dissection of the aneurysm is advantageous. In 
addition, postoperative patency mandates an inten- 
sive surveillance protocol to identify sacs at risk for 
rupture so that they may be dealt with electively. We 
had complete follow-up in 764 (92%) patients. 
Critics of the procedure voice concern over po- 
tential exposure problems with resultant echnical 
difficulty, because the aneurysm is not decom- 
pressed. They also suggest that the aortic grafts may 
be at increased risk for infection as a result of un- 
evaluated atheromata and thrombus contained 
within the aneurysm sac. Last, because the inferior 
mesenteric artery is not adequately evaluated or 
reimplanted, some worry that our patients are more 
likely to have colonic ischemia. 8 In response, expo- 
sure of the infrarenal aorta is simply not a problem. 
The caudal retraction of the aneurysm sac, even 
when large, allows for the necessary exposure. Sec- 
ond, aortic graft infection has not manifested itself 
during the study period. Aortoenteric fistulae have 
not been seen. Last, despite no inferior mesenteric 
artery reimplantations, colonic ischemia necessitat- 
ing bowel resection occurred in only two (0.2%) 
patients. Explanation for this occurrence is purely 
speculative, but it may be related to the reduced 
intraoperative dissection and manipulation of bowel 
inherent o the retroperitoneal pproach. In addi- 
tion, minimal handling of the aorta may decrease 
microembolization into the distal inferior mesenteric 
circulation. 
A relative contraindication for this technique is in 
dealing with short or saccular aneurysms, in which it 
is convenient to perform an endoaneurysmorraphy. 
In patients with ruptured or leaking aneurysms, this 
technique will also be contraindicated. Of  note, 
exclusion and bypass of AAAs is gaining popularity in 
the endovascular ena. 14 Already, perigraft leaks, sac 
ruptures, and mortalities have been documented, is 
The inability of  these endovascular prostheses to 
eliminate aortic perigraft leaks with the resultant 
exposure of the sac to systemic blood pressure may 
prove to be a rate-limiting step in the widespread 
acceptance of this modality. To our knowledge this 
series spanning 10 years provides a first-time insight 
into the fate of the aortic aneurysm sac when it is 
excluded from direct arterial pressure. 
In conclusion, retroperitoneal exclusion and by- 
pass of AAAs is a safe and effective modality in 
aneurysm surgery. Infectious and ischemic compli- 
cations are exceedingly rare. However, delayed an- 
eurysm sac rupture has occurred in a small number 
of patients, and thus close postoperative follow-up 
is mandatory. Patients who have continued flow or 
wall motion in the excluded aortic sac or no shrink- 
age of the excluded aneurysm within a year are at 
high risk for subsequent rupture or excluded aortic 
aneurysm enlargement. Patients receiving chronic 
anticoagulation r those who have extensive lumbar 
collaterals appear to be at higher risk for persistent 
flow. 
JOURNAL OF VASCULAR SURGERY 
Volume 24, Number 5 Resnikoffet al. 855 
REFERENCES 
1. Creech O. Endoaneurysmorraphy and treatment of aortic 
aneurysm. Ann Surg 1966;164:935-42. 
2. Sicard GA, Allen BT, Munn JS, Anderson CB. Retroperitoneal 
versus transperitoneal approach for repair of abdominal ortic 
aneurysms. Surg Clin North Am 1989;69:795-806. 
3. Shepard AD, Scott GR, Mackey WC, O'Donnell TF, Bush 
HL, Callow AD. Retroperitoneal approach to high risk ab- 
dominal aortic aneurysm. Arch Surg 1986;121:444-9. 
4. Darling RC, Shah DM, McClellan WR, Chang BB, Leather 
RP. Decreased morbidity associated with retroperitoneal ex- 
clusion treatment for abdominal ortic aneurysm. J Cardiovasc 
Surg 1992;33:65-9. 
5. Johnson JN, McLoughlin GA, Wahe PE, et al. Comparison of 
extraperitoneal nd transperitoneal methods of aorto-iliac 
reconstruction. J Cardiovasc Surg 1986;27:561-4. 
6. Sicard GA, Reilly JM, Rubin BG, et al. Transabdominal versus 
retroperitonealincision for abdominal ortic surgery: report of 
a prospective randomized trial. J Vasc Surg 1995;21:174-81. 
7. Corsou JD, Leather RP, Shah DM, et al. Extra-peritoneal 
aortofemoral bypass with exclusion of the intact infrarenal 
aortic aneurysm. J Cardiovasc Surg 1987;28:274-6. 
8. Shah DM, Chang BB, Paty PSK, et al. Treatment ofabdominal 
aortic aneurysm by exclusion and bypass: an analysis of 
outcome. J Vasc Surg 1991;13:15-22. 
9. Paty PSK, Shah DM, Chang BB, et aL Immediate preoperative 
phlebotomy with autologous blood donation for aortic re- 
placement. Surg Gynecol Obstet 1990;171:326-30. 
10. Leather RP, Chang BB, Darling RC III, et al. Retroperitoneal 
approach and exclusion technique inaortic anenrysm surgery. 
In: Yao JST, Pearce WN, editors. Aneurysms: new findings 
and treatments. Norwalk: Appleton and Lange, 1994:225- 
34. 
11. Chang BB, Paty PSI(, Shah DM, Leather RP. The right 
retroperitoneal approach for abdominal aortic surgery. Am J 
Surg 1989;158:156-8. 
12. AbuRahma AF, Woodruff BA, Lucente FC, et al. Elective 
resection of 332 abdominal aortic aneurysms in a southern 
West Virginia community during a recent five-year period. 
Surgery 1991;172:377-82. 
13. Golden MA, Whittemore AD, Donaldson MC, Mannick JA. 
Selective evaluation and management of coronary artery 
disease in patients undergoing repair of abdominal aortic 
aneurysms: a 16-year experience. Ann Surg 1990;212:415-23. 
14. Parodi JC. Endovascular repair ofabdominal ortic aneurysms 
and other arterial esions. J Vasc Surg 1995;21:549-55. 
15. Lumsden AB, Allen RC, Chaikof EL, Resnikoff M, Moritz 
MW, Gerhard H, Castronuovo JJ. Delayed rupture or aortic 
aneurysms following endovascular stent grafting. Am J Surg 
1995;170:174-8. 
Submitted Dec. 14, 1995; accepted Mar. 13, 1996. 
